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Method and Apparatus for Measuring Relative Humidity of a Mixture 

Field of the Invention 

[0001] The present invention relates generally to methods and apparatus for measuring the 
relative humidity of a mixture. 

Background of the Invention 

[0002] Hand held weather instruments exist that measure, among other variables, the relative 
humidity of ambient air. A humidity sensor is used to measure the relative humidity of 
the ambient air. While a humidity sensor is not used to measure temperature, its 
measurement of the relative humidity is strongly effected by the temperature of the 
humidity sensor itself. For example, a common type of humidity sensor determines 
relative humidity by determining the amount of water absorbed into a dielectric material 
of a capacitor. Since the ability of the dielectric material to absorb water is a function of 
the temperature of the dielectric material, the measurement of relative humidity is 
dependent upon the temperature of the humidity sensor. At higher temperatures less 
water can be absorbed, and at lower temperatures more water can be absorbed. 
Therefore, if the humidity sensor were warmer than the ambient air being measured, less 
water absorbs into the dielectric material and the humidity sensor responds as though the 
relative humidity of the ambient air were in fact lower than it actually is, resulting in an 
inaccurate relative humidity reading. 

[0003] Inaccuracies caused by temperature differentials between the ambient air and the 
humidity sensor itself are especially prevalent in hand held weather instruments. Hand 
held weather instruments are often stored in environments, such as a user's pocket or a 
house, where the temperature will be much different from the temperature of the ambient 
air. When stored in such an environment, the humidity sensor will approach, or obtain, a 
thermal equilibrium with the storage environment. If the weather instrument is then 
removed from the storage environment and placed in the ambient air, the accuracy of the 
relative humidity reading of the ambient air will be compromised because the humidity 
sensor will not be at the same temperature as the ambient air. This is known as thermal 
lag. Thus, in order to obtain an accurate relative humidity reading of the ambient air with 
such a weather meter, one must wait until the humidity sensor reaches thermal 
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equilibrium with the environment. However, waiting for a humidity sensor to reach 
thermal equilibrium with the ambient air can take a significant amount of time. 
Moreover, determining when thermal equilibrium is achieved can be difficult to 
recognize. 

[0004] While methods and apparatus have been developed to compensate for thermal lag, 
existing methods and apparatus are unsatisfactory and/or are less than optimal. In one 
existing weather instrument, the problem of thermal lag is minimized by locating the 
humidity sensor exterior to the housing of the weather instrument so that the humidity 
sensor is in direct contact with the ambient air. This allows the humidity sensor to more 
quickly obtain thermal equilibrium with the ambient air. An example of such a weather 
instrument is disclosed in United States Patent 6,257,074, which is hereby incorporated 
herein by reference in its entirety. However, locating the humidity sensor exterior to the 
housing of the weather instrument introduces a number of problems, such as exposing the 
humidity sensor to damage from physical contact, static discharge, and contact with 
contaminants, including liquid water and/or salt water. These problems are exasperated 
by the fact that humidity sensors are fragile and often expensive. 

[0005] Thus a need exists for a method and apparatus for measuring relative humidity of a 
mixture that solves these and other problems. 

Disclosure of the Invention 
[0006] An object of the present invention is to provide a method and apparatus for measuring 

relative humidity that compensates for thermal lag. 
[0007] Another object is to provide a method and apparatus for measuring relative humidity 

that protects the humidity sensor. 
[0008] Yet another object is to provide a method and apparatus for measuring relative 

humidity that provides accurate readings quickly. 
[0009] Still another object is to provide a method and apparatus for measuring relative 

humidity that is easy and/or cost effective to manufacture. 
[0010] A still further object is to provide a method and apparatus for measuring relative 

humidity that minimizes errors. 
[001 1] It is a further object of the present invention to provide a method and apparatus for 

measuring relative humidity that provides design flexibility. 
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[0012] Another object is to provide a method and apparatus for measuring relative humidity 
that provides accurate readings. 

[0013] Still another object is to provide a method and apparatus for measuring relative 

humidity of an environment that does not require a user to wait for the humidity sensor to 
reach thermal equilibrium with the environment. 

[0014] These objects and other are solved by the present invention which in one aspect is an 
apparatus for measuring relative humidity of a mixture comprising: a chamber having a 
chamber volume and an opening; a membrane covering the opening, the membrane being 
permeable to water vapor while impermeable to liquid water; a humidity sensor in the 
chamber volume for producing a first signal relating to relative humidity of the mixture 
within the chamber volume; a first temperature sensor for producing a second signal 
relating to temperature of the mixture within the chamber volume; a second temperature 
sensor for producing a third signal relating to temperature of the mixture at a point 
exterior to the chamber; and a processor coupled to the humidity sensor, the first 
temperature sensor, and the second temperature sensor for receiving the first, second, and 
third signals, the processor programmed to calculate relative humidity of the mixture at 
the point exterior to the chamber as a function of the first signal, the second signal, and 
the third signal. 

[0015] Algorithms necessary to calculate the relative humidity of the mixture at the point 
exterior to the chamber as a function of the temperature within the chamber volume, the 
humidity of the mixture within the chamber volume, and the temperature of the mixture at 
the point exterior to the chamber are known. One such algorithm is: 



(1) RHa = RHc 



ewc 



ew.4 



where 

RH A is the relative humidity of the mixture at the point exterior to the chamber, 

RHc is the relative humidity of the mixture within the chamber; 

ew c is the saturation vapor pressure of the mixture at the temperature of the mixture 
within the chamber; and 

ew A is the saturation vapor pressure of the mixture at the temperature of the mixture at the 
point exterior to the chamber. 
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[0016] Positioning the humidity sensor in the chamber protects the humidity sensor from 
physical damage and contact with contaminants. Liquids, such as liquid water and salt 
water, are prohibited from entering the chamber volume and contacting the humidity 
sensor because the membrane is impermeable to liquids. However, because the 
membrane is permeable to water vapor, water vapor from the mixture that is external to 
the chamber will permeate the membrane until an equilibrium vapor pressure is reached 
on both sides of the membrane. The membrane can be constructed of a microporous 
hydrophobic polymeric material. The membrane covers the opening of the chamber so as 
to isolate the chamber volume from ambient air external to the chamber. 

[ 0017] In order for the apparatus to calculate an accurate relative humidity reading of the 
mixture exterior to the chamber volume, an equilibrium vapor pressure must be reached 
between the mixture within the chamber volume and the mixture external to the chamber. 
However, migration of water vapor through the membrane can be somewhat slow, 
thereby delaying the achievement of vapor pressure equilibrium. The time it takes for 
thermal equilibrium to be achieved is proportional to the size of the chamber volume. 
Thus it is preferable that the chamber volume be small, preferably in the range of 0.2 to 
10.0 ml, and even more preferably in the range of 0.5 to 2.0 ml. A large chamber volume 
would result in a slow response in accurate relative humidity measurements. More 
specifically, it is the ratio of the area of the membrane to the volume of the chamber 
volume which determines the equilibration rate. Assuming a cylindrical chamber and 
circular membrane, the area of the circular membrane rises with the square of its diameter 
while the volume of the chamber volume rises with the cube of the membrane diameter, 
thus, it is highly advantageous to minimize the chamber diameter for a fixed chamber 
height. 

[0018] It is preferable that the internal surfaces of the chamber that form the chamber volume 

be constructed of a nonabsorbent material, such as a metal. In order to accomplish this, 

the chamber is preferably entirely constructed of the nonabsorbent material. 

Alternatively, the chamber can be constructed of another suitably rigid material and the 

internal surfaces of the chamber can be coated with the nonabsorbent material. By 

entirely constructing the chamber of a nonabsorbent material, or by coating the internal 

surfaces of the chamber with the nonabsorbent material, inaccuracies in the relative 

humidity reading within the chamber volume due to water vapor being absorbed into the 
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internal surfaces of the chamber are minimized. Acceptable nonabsorbent materials 

include brass, gold, tin, bronze, silver, platinum, and lead. However, the invention is not 

limited to any specific nonabsorbent material and other suitable nonabsorbent materials 

will be readily know by those skilled in the art. 

[0019] The first temperature sensor that produces the second signal relating to temperature of 

the mixture within the chamber volume can be located either within the chamber volume 

itself or at a position exterior to the chamber that is at a temperature that is approximately 

the same as the temperature of the mixture within the chamber volume. 

[0020] It is preferable that the apparatus be incorporated into a hand held weather instrument 

for measuring the relative humidity of air. In this embodiment, the apparatus will further 

comprise a plastic housing having an internal volume and a breather hole. The chamber 

is mounted in the internal volume of the housing so that the membrane is aligned with the 

breather hole. In this embodiment, the first temperature sensor can be located exterior to 

the chamber but within the internal volume of the housing. An O-ring can be positioned 

between the membrane and the housing that forms a sealed fit between the membrane and 

the housing. This allows the air surrounding the housing to be in contact with the 

membrane while affording additional protection to the chamber, the humidity sensor, and 

the interior of the instrument. It is further preferable in this embodiment that the second 

temperature sensor be located exterior to the internal volume of the housing, for example, 

in a passageway extending through the housing. 

[0021] To minimize temperature induced errors, it is preferable that the first and second 

temperature sensors be a pair of precision thermistors, specified to track to within 1% 

resistance or 0.2C° temperature. To further reduce errors, a single signal conditioning 

circuit which alternately polls one and then the other temperature sensor can be used. In 

this manner, errors associated with the temperature measurement circuitry are minimized. 

In an alternative embodiment the first temperature sensor and the humidity sensor can be 

combined so as to be located on a single substrate. A further example of an acceptable 

temperature sensor type is a platinum resistance device. Platinum resistance devices may 

be preferable from a functioning standpoint because these devices do not incorporate 

water absorbent material (unlike thermistors where the active element is encapsulated in 

epoxy resin), however, platinum resistance devices are more expensive and can be less 

sensitive. The present invention is not limited to any specific type of temperature sensor. 

5 



DOCKET 142555 



PATENT 



[0022] The chamber is preferably cylindrical in shape and has a first end and a second end. 
In this embodiment, the membrane preferably forms the first end of the chamber while a 
portion of a circuit board forms the second end of the chamber. It is further preferred that 
the portion of the circuit board that forms the second end of the chamber be constructed 
or coated with a nonabsorbent material, such as those described above. Grounding the 
chamber will solve electrostatic discharge problems. 

[0023] In another aspect, the invention is an apparatus for obtaining measurements of a 
mixture comprising: a chamber having internal surfaces constructed of nonabsorbent 
material, the internal surfaces forming a chamber volume; an opening in the chamber; a 
membrane covering the opening, the membrane being permeable to water vapor while 
impermeable to liquid water; and a humidity sensor in the chamber volume for producing 
a first signal relating to relative humidity of the mixture within the chamber volume. 

[0024] The apparatus of this aspect of the invention preferably further comprises a first 
temperature sensor for producing a second signal relating to temperature of the mixture 
within the chamber volume. The humidity sensor and first temperature sensor are 
adapted to be coupled to a processor capable of receiving a set of signals comprising the 
first and second signals. 

[0025] In this aspect, the invention can be used in conjunction with other devices and/or 
instrumentation to achieve the desired results. It is also preferable that the apparatus 
further comprise the processor, the processor coupled to the humidity sensor and the first 
temperature sensor and programmed to calculate relative humidity of the mixture at a 
point as a function of the set of signals. When the point in the mixture for which the 
relative humidity is to be obtained is exterior to the chamber, a second temperature sensor 
will be included for producing a third signal relating to temperature of the mixture at that 
point. In this embodiment, the processor is also coupled to the second temperature sensor 
and the set of signals will further comprise the third signal. This aspect of the invention 
can further include any and all of the specifics set forth above. 

[ 0026] In yet another aspect, the invention is a method of measuring relative humidity of a 
mixture comprising the steps of: providing an apparatus having a chamber having a 
chamber volume and an opening, a membrane covering the opening, the membrane being 
permeable to water vapor while impermeable to liquid water; measuring humidity of the 
mixture within the chamber volume with a first sensor; measuring temperature of the 
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mixture within the chamber volume with a second sensor; measuring temperature of the 
mixture at a point exterior to the chamber with a third sensor; and calculating relative 
humidity of the mixture at the point exterior to the chamber with a processor as a function 
of the measurements obtained by the first sensor, the second sensor, and the third sensor. 
[0027] It is preferred that the chamber used to perform the method of the invention be 

designed as set forth above in relation to the apparatus of the invention. In order to avoid 
redundancy, the structure of the preferred apparatus to be used in the method will be 
omitted. 

Brief Description of the Drawings 

[0028] Figure 1 is rear view of a hand held weather instrument incorporating a relative 
humidity sensing system according to an embodiment of the present invention. 

[0029] Figure 2 is a front view of the hand held weather instrument of FIG. 1. 

[0030] Figure 3 is a side view of the hand held weather instrument of FIG. 1. 

[0031] Figure 4 is an exploded view of an embodiment of the relative humidity sensing 
system according to the present invention with the housing of the hand held weather 
instrument of FIG 1 removed. 

[0032] Figure 5 is a cutaway view of the hand held weather instrument of FIG. 1 along line 
V-V showing the chamber of the relative humidity sensing system of FIG. 4 in cross- 
section. 

[0033] Figure 6 is a block diagram of the circuit for the humidity sensing system of FIG. 4. 

Modes for Carrying Out the Invention 
[0034] Humidity is the amount of water in the vapor phase present in a gaseous mixture. 
Humidity is often expressed as relative humidity. Relative humidity is the amount of 
moisture by weight in a unit volume of a gas mixture relative to the amount which that 
mixture could hold if completely saturated at the mixture temperature. When the relative 
humidity is unity, the mixture is saturated. Relative humidity may also be expressed as 
percent relative humidity (%RH) in a mathematical relationship as follows: 

(2) %RH = — * 100 

e w 

where 

e w =saturation pressure at the mixture temperature T; and 
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e = the vapor pressure at the mixture temperature T. 
[0035] With this relationship, the indicated relative humidity RHc of a mixture within the 
chamber volume and the true relative humidity RH A of the mixture exterior to the 
chamber can be expressed respectively as follows: 



(3) RHc = — 

ewc 

and 

eA 



(4) RHa = 

ewA 

where 

ec = the vapor pressure of the mixture at the temperature within the chamber; 
ew c = the saturation vapor pressure of the mixture at the temperature within the chamber; 
e A = the vapor pressure of the mixture at the temperature exterior to the chamber; and 
ew A = saturation vapor pressure of the mixture at the temperature exterior to the chamber. 
[0036] If vapor pressure equilibrium is achieved so that the mixture within the chamber is as 
the same vapor as the mixture exterior to the chamber, equations (3) and (4) may be 
combined to solve for RH A , thus, resulting in: 



(5) RHa = RH 



ewc 



ewA 



[0037] The values of the saturation vapor pressures ew c and ew A for various gases, including 
air, can be obtained from available tables, such as from Table 94, "Saturation Vapor 
Pressure over Water with Temperature," Smithsonian Meteorological Tables, 6th Revised 
Edition by Robert J. List, Smithsonian Institute, Washington, DC 1958. Accordingly, it is 
possible to determine the relative humidity of the air at a point external to the chamber by 
measuring the relative humidity within the chamber RH C , the temperatures within the 
chamber T c , and the temperature at the point exterior to the chamber T A . It is not 
necessary for the user to wait for the temperature probe within the chamber to reach 
thermal equilibrium with the point external the chamber. It is in this way that an 
embodiment of the present invention can compensate for thermal lag. 

[0038] Referring now to the drawings, wherein like reference numerals designate 

corresponding structure throughout the views, and referring in particular to FIG. 1-3, 
there is shown hand held weather instrument 10. Weather instrument 10 is preferably 
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small enough so that it is portable and can be held in a single hand. Weather instrument 
10 comprises a housing 11 that forms an internal volume. Housing 11 is preferably 
constructed of plastic and manufactured using a molding process. However, other known 
techniques of manufacturing and other suitable materials of construction may be 
employed. 

[0039] Housing 11 has passageway 12 extending therethrough. Passageway 12 extends 

through rear surface 13 and front surface 14 of housing 11 so that the surrounding air (i.e. 
the ambient air) can freely flow therethrough. Ambient thermistor 21 is positioned within 
passageway 12. Passageway 12 is sized so that ambient thermistor 21 can fit fully therein 
and not protrude beyond front and rear surfaces 13, 14 of housing 11 (best illustrated in 
FIG. 3). This provides protection to ambient thermistor 21 from physical damage while 
allowing ambient thermistor 21 to be directly exposed to the ambient air. Passageway 12 
has walls that close passageway 12 off from the internal volume of housing 11. 

[0040] Housing 11 further comprises breather hole 15 on rear surface 13. Breather hole 15 is 
an opening through rear surface 13 that provides access to the internal volume of housing 
1 1 . Breather hole 15 is preferably circular but can be any shape. As will be discussed 
below, breather hole 15 is aligned with and covered by membrane 22 of relative humidity 
sensing 20, which is housed within the internal volume of housing 11 

[0041] Referring now to FIG. 4, relative humidity sensing system 20 is illustrated in an 
exploded view. Relative humidity sensing system 20 comprises ambient thermistor 21, 
chamber thermistor 25, cylindrical tube 24, membrane 22, and humidity sensor 25. 
Ambient thermistor 21 is operably coupled to printed circuit bard 30 at a position so that 
when printed circuit board 30 is placed in the internal volume of housing 11, ambient 
thermistor 21 is positioned within passageway 12 (as illustrated in FIG. 1). When 
housing 11 is assembled with relative humidity sensing system 20 in the internal volume, 
the leads of ambient thermistor 21 will pass through one of the walls of passageway 12, 
allowing ambient thermistor 21 to remain operably coupled to processor 60 (FIG. 6). 

[0042] Printed circuit board 30 has footprint 31 on its top surface 32. Footprint 31 is a 

coating of nonabsorbent material atop top surface 32. Footprint 31 is preferably a plating 

of gold. However, footprint 31 can be constructed of any nonabsorbent material, such as 

metals including brass, tin, bronze, silver, platinum, and lead. Footprint 31 is preferably 

sized so that cylindrical tube 24 can fit fully thereon. Footprint 31 has a plurality of holes 
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electrically isolated from footprint 31 in the event that footprint 31 is conductive therein 
so that the leads of chamber thermistor 25 and humidity sensor 25 can extend 
therethrough and connect to the circuitry of printed circuit board 30, including processor 
60 (FIG. 6). 

[0043] Cylindrical tube 24 is secured to printed circuit board 30 atop footprint 31. 

Cylindrical tube 24 can be secured atop footprint 31 by soldering, brazing, through use of 
an adhesive, or any other means known in the art. Securing cylindrical tube 24 to printed 
circuit board 30 with solder or an electrically conductive adhesive such as silver loaded 
epoxy provides grounding, which solves electrostatic discharge problems. Cylindrical 
tube 24 is preferably constructed entirely of a nonabsorbent material, most preferably 
brass. Alternatively, cylindrical tube 24 can be constructed of any suitably rigid material 
and the internal surfaces of cylindrical tube 24 that form chamber volume 41 can be 
coated with the nonabsorbent material. Acceptable nonabsorbent materials include 
metals, specifically including gold, tin, bronze, silver, platinum, and lead. 

[0044] Membrane 22 is positioned atop cylindrical tube 24 so as to cover opening 27 at top 
end 26 of cylindrical tube 24. Membrane 22 is constructed of a thin material that is 
permeable to gases but impermeable to liquids. More specifically, membrane 22 is 
constructed of material that is permeable to water vapor and impermeable to liquid water. 
Preferably, membrane 22 is constructed of a microporous hydrophobic polymeric 
material, but can be constructed of any material that allows gas to pass therethrough while 
preventing the passage of liquids, such as, for example, fibrous polytetraflouroethylene. 
Membrane 22 can be kept in place atop cylindrical tube 24 via adhesion, compression fit, 
or any other means known in the art. 

[0045] When assembled, bottom end 28 of cylindrical tube 24 is secured atop footprint 31 
while membrane 22 is secured to top end 26 of cylindrical tube 24 to form chamber 40 
(FIG. 5). O-ring 29 helps hold membrane 22 atop cylindrical tube 24 when assembled in 
housing 11 of weather instrument 10. 

[0046] Referring now to FIG. 5, chamber 40 forms a chamber volume 41. Chamber volume 
41 is defined by the internal wall of cylindrical tube 24, the top surface of footprint 31, 
and the bottom surface of membrane 22. Footprint 31 forms one end of chamber 40 
while membrane 22 forms the other end. Preferably, all of the internal surfaces that 



10 



DOCKET 142555 



PATENT 



define chamber volume 41 are constructed of nonabsorbent material. As used herein, 
construction includes coating and/or plating. 
[0047] Chamber thermistor 25 and humidity sensor 23 are located within chamber volume 
41. Chamber volume 41 is sized so as to be large enough to house humidity sensor 23 
and chamber thermistor 25. However, the size of chamber volume 41 should be 
minimized to effectuate a fast realization of vapor pressure equilibrium. Chamber 
volume 41 is preferably in the range of approximately 0.2 to 10.0 ml, and more preferably 
in the range of approximately 0.5 to 2.0 ml Because chamber volume 41 is very small, 
and because chamber 40 is sealed both to the printed circuit board 30, and to the housing 
11, it takes very little time for relative humidity equilibration. 
[0048] It should be noted that while chamber themistor 25 is illustrated as being located 
within chamber volume 41 itself, the invention is not so limited. Chamber thermistor 25 
can be positioned at any space where the temperature is approximately equal to the 
temperature of the mixture within chamber volume 41. For example, when relative 
humidity sensing system 20 is placed within housing 11, chamber thermistor 25 can be 
located external to chamber 40 at a point within the internal volume of housing 11, such 
as on the opposite side of printed circuit board 30. 
[0049] Referring now to FIGS. 1 and 5, humidity sensing system 20 (FIG. 4) is placed within 
the internal volume of housing 11. When humidity sensing system 20 is positioned in 
housing 11, ambient thermistor 21 is located within passageway 12 and membrane 22 is 
aligned with breather hole 15 in top surface 13 of housing 11 (best illustrated in FIG. 1). 
Membrane 22 is exposed to the ambient air surrounding the weather instrument 10 
through breather hole 15. O-ring 29 is positioned between the internal surface of housing 
11 and membrane 22. O-ring 29 forms a sealed fit between membrane 22 and housing 
11, helping to seal the internal volume of housing 11 from the ambient air. O-ring 29 also 
holds membrane 22 tightly pressed against the top surface of cylindrical tube 24 so that 
liquid can not enter either the chamber volume 41, or the body of the instrument 10 
through breather hole 15. 
[0050] Referring now to FIG. 6, chamber thermistor 25, ambient thermistor 21, and humidity 
sensor 23 are electrically coupled to processor 60. Processor 60 is programmed to receive 
and process signals from chamber thermistor 25, ambient thermistor 21, and humidity 
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sensor 23. Processor 60 can be any type of properly programmed microprocessor, such as 
those manufactured by Intel. 

[0051] Chamber thermistor 25 and ambient thermistor 21 are preferably a pair of matched 
precision thermistors that track to within 1% resistance or 0.2C° temperature. To further 
reduce errors, a single signal conditioning circuit which alternately polls one then the 
other temperature thermistor 25, 21 is used. The use of matched thermistors types for 
chamber thermistor 25 and ambient thermistor 21, and the use of the same measurement 
method, provides closer matching between the two temperature measurements than the 
specified ± 1°C overall accuracy of the thermistors. The matching is influenced largely 
by the accuracy specification of the thermistors, which is ± 0.2°C. It is possible to use 
thermistors matched to ± 0.1 °C for greater accuracy if necessary. Chamber thermistor 25 
and ambient thermistor 21 are resistant type thermistors that have a known 
resistance/temperature characteristic from which temperature can be calculated by 
processor 60 by detecting variations in resistance. Thus, processor 60 can receive and 
processes signals from chamber thermistor 25 which indicate the temperature of the 
mixture within chamber volume 41 and from ambient thermistor 21 which indicate the 
temperature of the ambient mixture exterior to housing 11. 

[0052] Humidity sensor 23 is a glass based polymeric capacitive sensor. The capacitance of 
humidity sensor 23 increases with the relative humidity of the mixture in which humidity 
sensor 23 is in contact with. Through the use of an electrical signal, processor 60 can 
monitor the capacitance of humidity sensor 23 and thus the humidity of the mixture 
within chamber volume 41. The relative humidity measurement preferably has a 
specified overall accuracy of at least ±3% RH. 

[0053] Alternatively, a combined humidity/temperature sensor can be used to measure the 
temperature and relative humidity within chamber volume 41. In this embodiment, the 
temperature sensor and the humidity sensor are located on a single substrate. This 
embodiment is not believed to be optimal, providing less accurate readings. 

[0054] All of these elements - a small isolated chamber housing both the humidity and 
temperature sensors, brass construction, gold plated printed circuit board, precision 
tracking thermistors, and a method of sealing the chamber to the housing so that the 
humidity sensor sees plastic only external to the membrane - combine to produce an 
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instrument with a fast and accurate relative humidity response under the conditions 
anticipated for a hand held weather instrument. 

[0055] As discussed above, hand held weather instruments often experience accuracy 

problems from thermal lag, i.e. the humidity sensor being at a different temperature than 
the mixture whose relative humidity is to be measured. Specifically there is a strong 
possibility that weather instrument 10 will be removed for instance from a pocket, or a 
warm house into a cold environment. This will result in humidity sensor 23 being at a 
temperature that is markedly different than the ambient air surrounding housing 11. 
Thus, a relative humidity measurement would be in error. This problem can be 
addressed, and thus the true relative humidity RH A of the ambient air can be calculated, 
by knowing the temperature T A of the ambient air, the temperature Tc within the chamber 
volume, and the relative humidity RHc of the air within the chamber volume, then 
applying the correction algorithm set forth in equation (5) above. 

[0056] The operation of weather instrument 10 to measure the relative humidity RH A of 
ambient air will now be described in detail with respect to FIGS. 1-6. Weather 
instrument 10 is first removed from its storage environment and placed in the ambient air 
environment. Ambient thermistor 21 and membrane 22 are in direct contact with the 
ambient air. Because chamber volume 41 is a very small volume, it takes very little time 
for relative humidity equilibration to occur between the air within chamber volume 41 
and the ambient air. 

[0057] Upon a user activating the relative humidity measuring mode of weather instrument 
10, chamber thermistor 25 measures the temperature T c of the air within chamber volume 
41, humidity sensor 23 measures the relative humidity of the air within chamber volume 
41, and ambient thermistor 21 measures the temperature T A of the ambient air 
surrounding housing 11. Electrical signals relating to T c are transmitted to processor 60 
from chamber thermistor 25 for processing. Electrical signals relating to T A are also 
transmitted to processor 60 from ambient thermistor 21 for processing. Preferably, a 
single signal conditioning circuit is used that alternately polls chamber thermistor 25 and 
ambient thermistor 21. Humidity sensor 23 also transmits electrical signals relating to 
RH C to processor 60 for processing. 

[0058] Upon receiving the signals from chamber thermistor 25, ambient thermistor 21, and 

humidity sensor 23, processor 60, through proper programming, calculates the relative 
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humidity RH A of the ambient air using stored values and the algorithmic relationship set 
forth in equation (5) above. 
|0059] While the invention has been described and illustrated in sufficient detail that those 
skilled in this art can readily make and use it, various alternatives, modifications, and 
improvements should become readily apparent without departing from the spirit and 
scope of the invention. Specifically, the present invention is not limited to use in air but 
can be used in any mixture where relative humidity can be measured. Moreover, the 
present invention is not limited to hand held weather meters but can be incorporated into 
a variety of weather instruments or it can be used on its own, independent of a housing or 
other structure. 
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